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I nt roduct ion

Abstract

The process of yoghurt making dates back
thousands of years, and the acidification of milk
by fermentation, e.g. with Stre ptococcus thermophilus and Lactobacillus bulgari cus, is one of
the ancient crafts which is used to preserve milk.
Over the past two decades, the popularity of yoghurt has spread from the Balkans and the Middle
East to other parts of the world, and the consumption has increased significantly in all these
countries in recent years. Consequently, the science and technology of yoghurt production, including the microbiology of the starter culture and
quality aspects of yoghurt, have been studied and
reviewed in great detail {10-12, 16, 17).
The level of total solids in the yoghurt milk
plays an important role in the quality of the product during manufacture {16), and various methods
of fortification are widely used in the industry.
Examples of such methods may be summarised as
follows: The addition of milk powder (whole milk,
skim milk, or buttermilk), or the concentration of
milk [(by boiling, evaporation {EV), ultrafiltration (UF), or reverse osmosis {RO)], and/or the
addition of other miscellaneous ingredients which
may include whey powder and caseinate.
Microstructure studies by scanning electron
microscopy (SEM) and transmission electron microscopy (TEM) of foodstuffs including dairy products
are modern techniques which may have an increasing
application in assessing various aspects of food
quality and characteristics. The application of
such techniques to different types of yoghurt has
been used to a 1 imited degree, and up-to-date
information in this field has recently been reviewed (7),
The objectives of this study were to assess
and evaluate the microstructure of set-style plain
yoghurt manufactured from cow 1 S milk fortified
with skim milk powder (SMP) or sodium caseinate
{Na-cn), and from concentrated milk (EV, UF, and
RO). In addition, the effects of 3 different
strains of yoghurt starter cultures on the microstructure of the yoghurts were studied.

Five different batches of skim milk were
prepared and fortified by the addition of skim

milk powder (SMP) or sodium caseinate (Na-cn) or
by concentration using a vacuum evaporator {EV},
ultrafiltration (UF), or reverse osmosis (RO) to
contain si milar levels of protein (5.0-5.5%).
Yoghurts were made by inoculating the milks with
one of 3 commercial yoghurt starter cultures and
by incubating the mixes at 42°C for 2.5 h. The
following factors were found in this study to
affect firmness of the yoghurts:
(a) Lactic acid production (acidity) - Yoghurts
co ntaining 1.02% of lactic acid or more (pH 4.54
or less) were firmer than yoghurts having a lower
lactic acid content and a higher pH value.
(b) Casein to non-casein protein ratio - Firmer
yoghurts were obtai ned at a ratio of 4.62 than at
3.20-3.4D.
Microstructure of the yoghurts as examined by
electron microscopy was affected by the method of
fortification of the milk. SMP-fortified yoghurt
had the most dense matrix composed of short micellar c hains and small micellar clusters. This was
the softest yoghurt. Na-co-fortified yoghurt had
the most open matrix consisting of robust casein
particle chains and large clusters. This was the
firmest yoghurt.
"Appendages" or "spikes" formed by heatdenatured B-lactoglobulin or by a complex consisting of B-lactoglobulin and K-casein were attached
to casein micelles in all the yoghurts except the
one fortified by the addition of Na-cn.
Void spaces (cavities) around lactic acid
bacteria and filaments of mucous or slimy material
produced by a "ropy" bacterial culture and attaching the bacterial cells to the protein matrix were
additional microstructural features observed in
the yoghurts under study.
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Final manuscript received June 1, 1984.
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Materials and Methods

KEY WORDS : Yoghurt: Scanning electron
iTiTCrOSCOPy; Transmission electron microscopy;
Casein micelles; Mucogeni c bacteria;
S. thermophilus and L. bulga:ricus

Preparation Qf the~ !!!..i.l.t
Whole cow'slnilk (antibiotic-free, which is
regularly tested according to the qua 1 i ty schemes
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of the Sco ttish Milk Marketing Board) was obtained
from the College Fa rm . The milk fat was separated
using a ce ntrifugal separator (A lfa-Laval type
29AE/1963) and the resultant skim milk was divided
into five batches for the production of the basic
mix as follows: The first two batches were fortified by the addition of SMP or Na-cn to produce
two milk bases co ntaining approximately 14.5% or
11.0% sol ids-not-fat (SNF), respectively. The remaining three batches of skim milk were concentrated by EV, RO, and UF. Later, both the fortified and concentrated skim milks were standardised
with cream (49% fat) to give a milk base containing 1.5% fat. It is important to note that the
batches of skim milk fortified by the addition of
Na-cn and skim milk concentrated by UF contained
lower levels of SNF as compared with other batches,
but the protein content in all the five different
basic mixes ranged between 5.0 and 5.5%.
The preparation of the UF , RO , and EV milks
was as foll ows: UF-skim milk was conce ntrated by
ultrafiltration in an Alta-Laval model UFP pilot
plant fitted with a Hollow Fibre membrane car tridge with PM 50 membranes. The milk wa s slightly
overconcentrated and then standardised with permeate to 10.3% SNF. During the concentration, the
temperature of the milk increased from 10°C to
approximately 4D°C.
RO-skim milk was concentrated by reverse
osmosis using a DDS type 20-1.8- 0 module (Oanske
Sukkerfabrikker, DOS RO Division, OK-4900 Nakskov,
Denmark). The concentrate was standardised with
permeate to 14 .5% SNF. At the end of the processing, the temperature of the concentrated milk was
around 20°C.
EV-skim milk was concentrated in a QVF glass
climbi ng film evaporator at 7D-75°C and the
concentrate was standardised to 14.5% SNF using
the condensa te.

Preliminary treatment of milk
(standardisation/fortification)

•

Pre-warm basic milk mix to 60°C

•

Homogenise at 200 kg/cm2

•

Heat the milk to 90'C
for 5 minu-t es
Cool to 45°C and inoculate with
starter culture at a rate of
3% (v/v)
Dispense the inoculated milk into
150 ml plastics cups and incubate
at 42°C for 2~ hours

•

Refrigerate for 48 hours
at 6°C
Fig . 1. Flow chart for the product ion of set - st yle
yoghurt .
The duration between prewarming and inoculation
stages did not exceed 30 min.

pH was determined us ing a model 290 pH meter
(Pye Unicam ltd., Cambridge, U.K.) fitted with a
standard combined glass electrode.
Chemical composition of the ingredients used
to make the yoghurts is pres e nted in Table 1.
Rheological analysis
A penetrometer (U niversal Model 1700 , Stanhope-Seta, Surrey, U.K . ) was used to assess the
firmness of the coagulum according to the method
of Robi nson and Tamime (12) .
The coagulum was broken with a spoo n and a
part of it was lift ed on the back of the spoon to
visually assess the texture c hara cte ri sties of t he
yoghurt.

Production .Q.f yoghurt
The proced ure for the production of yoghurt
is outlined in Figure 1. In order to minimise the
effect of day to day variation of the milk composition and qua 1 i ty, a 11 the yoghurts were made from
the same batch of mi 1 k. The heating and coo 1 i ng of the
yoghurt milks took place in a water bath; during
the heat treatment, steam was injected into the
water and during the cooling stage, ma ins water was
circulated.
Three yoghurt starter cultures co nsisting of
different L . bulgaricus and s . thermophil us
strains were used and in this present study coded
as CH-4, Boll-3, and Rl{. The former two starter
cultures were supplied by Chr. Hansen's laboratory
ltd., Reading, U.K., and the RR c ulture was obtained from the Netherlands Dairy Research Institute
(NIZO), Ede , the Netherlands.

Microscopic analysis
The yoghurts were sampled after 2 days of
storage. For SEM, sections 3 x 3 x 1 mm were
excised from the yoghurt approximately 1 em below
the surface and were fixed in an aqueous 1.4%
glutaraldehyde solution for 7 days. The sections
were then cut into prisms 1 x 1 x 3 mm, dehydrated
in a graded ethanol series, frozen in Freon 12 at
-150°C, and freeze-fractured in l iquid nitrogen.
The fragments were mel ted in absolute alcohol
(+20°C), critical-point-dried from carbon dioxide,
mounted on SEM stubs, coated with gold by vacuum
evaporation, and examined in a Cambridge Stereoscan Mark II scanning electron microscope operated
at 20 kV.
For TEM, f i xed yoghurt particles l ess than
1 mm3 in volume were postfixed in a 2% buffered
Os04 solution (pH 6.75) for 1 h, dehydrated, and
embedded in a low-viscosity Spurr's medium (14).
Sec t ions (90 nm) were stained with uranyl acetate
and lead citrate solutions and examined in a Philips EM 300 electron microscope operated at 6D kV.

Chemic al analysis
Total solids, SNF, protein, fat, ash, and
mo isture co ntents were determined according to the
British Standards lnst i tut ion (BSI) and AOAC met hods (3 -5 ).
Titratable acidity was determined by titrat ing 10 g yoghurt samples with N/9 sodium hydroxide
using 1 mL of a phenolphthalein (0.5% in 50% ethanol) solution as an indicator.

84

Micro s tructure of Set- s t y le Yoghurt
Results and Discuss ion

Table!.
Chem i cal co mpo sition ($ } of dairy ingredients
used t o prepare yoghurt milks

Chemical composition of the five various
yoghurt mixes (SMP, EV, UF, RO, and Na-cn) following the addition of the starter c ult ure is shown
in Table 2. It is evident that the protein level
in the milk was maintained between 5.09 and 5.49%,
whereas the total so l ids co nt ents fluctuated between 11.7g and 16.01%; the SMP yoghurt milk was
at the upper 1 i mits and the UF yoghurt milk was at
the low er li mits of both the prote in and total
solids co nt ents, the re 1at i ve differences being
7.4 and 26%, respectively, related to the Sf1P
yoghurt milk as the reference (100%). The lactose
content was l owest in the UF yoghurt milk (4. 27%),
higher in the Na - cn (5.13%) and EV (7.11%) yoghurt
milks, and highe st in the RO and SMP yog hurt milk s
(7.53 and 7.64%, respectively).
Firmness of the exper imental yoghurts was
affected considerably by the starter culture used
(Tab l e 3) , when incubation at 42°C was ma int ained
for a predetermined per i od of 2.5 h. All t he five
yoghurt variants made with the RR starter culture
were softer than the corresponding var i ants made
wi th the ot her two starter cu lt ures; the soft er
yoghurts had weaker bodies . The softness (high
penetrometer readings as 1 is ted in Tab l e 3) may be
associated with l ow acidity (0.92- 1.02% lactic
acid, pH 4.54-4.73) in the yog hurts made with t he
RR starter culture as opposed to a highe r acidity
( 1. 08 -J. 3g% lactic acid, pH 4.21-4.43) in the
firmer yoghurts made using the CH -4 and Boll -3
starter cultures.
Within the in dividual starter c ulture variants. the yog hu rts made with Na-cn were firmest
and the firmness decreased in the RO, UF , EV, and
SMP yoghurts in that order. Such resu lts are in
agreement with the work reported by Abrahamsen and
Ho lm en (1, 2), with the UF yoghurt as an exception. Abrahamsen and Holmen (1, 2), however, standardised their yoghurt samp l es to sim i lar levels
of t otal solid s (14.13 to 14.57%) , thus ac hieving
a high protein content in the UF yoghurt, wherea s
in thi s study, the yoghurt milks were adjusted to
similar protein levels; consequentl y, the total
sol ids content of the UF yoghurt was the lowest of
all the experimenta l yoghurts (11.79-11.86%; Table

I ngredien t
Skim milk

Tot~l

So l l dS

9.16

Protein

90.84

n.d .

46.41

36.50

0.97

5 1.8

7.86

3 . 03

89.30

1.1 7

n.d.

3.68

4.50

n.d.

n.d.

n.d.

99.60

n.d .

n.d .

n .d.

96.59

n.d.

n .d.

n .d. 100.00

SMP

96.97

Na - casei nate

95.50

UF permeate

3.41

0.00

~iature

0. 73

n .d.

EV condensate

Aeh

n.d .

53.59

0.40

Lac tose •

49.00

3.39

Cream

RO permeate

Fat

n.d.
0.12

n.d.

4 . 94

0.10

Lactose determined by difference.
n .d.: not detenni ned.

*

Table 2.
Chemical analysis (%) of various types of
l ow-fat milks used in the manufacture of yog hu rt*
Starter + Total Protein
Yoghurt
Solids
Milk

Fat

Ash

lactose**

!~

2).
In general, the microstructure of all the
fifteen yoghurt samples as examined by el ectron
microscopy was similar in that the yog hurt s had
prot e in matrices composed of casei n micelle chains
and clusters. The ways in which the case in mice l1es were 1 in ked to eac h other, however, differed
noticeably. SEM revealed that in the SMP , RO, and
EV yoghurts (F i gure 2 a-c), the mic e ll ar c hain s
were short and simple and the clusters were small.
The resu l ting matrices appeared to be relatively
more compact (denser) than the matrices of the UF
and Na-cn yoghurts (Figure 2 d and e). The more
open matrices were due to la rger interstitial
spaces ("pores 11 ) resulting from a different d i stribu ti on of the casein micel l es in the UF and Nacn yog hurt s. This was more clearl y vis ib le in the
TEM micrographs {Fi gure 3): the chains were cons id erab l y lon ger than in the SMP, RO, and EV yoghurts and we re eit her complex in the UF yog hu rt
or robust in the Na-cn yog hurt. As opposed to
simp l e chains (Figure 3 a), complex c hain s were

SMP

15.89

5.49

1. 53

1. 2 1

7 . 66

EV

15.03

5.22

1.62

1.1 5

7 .04

UF

11.81

5.09

1. 57

0 . 84

4 . 31

RO

15.81

5.44

1.60

1.1 5

7 .62

Na-cn

13.19

5.34

1.53

0.85

5 .47

SMP

15.99

5.61

1.58

1. 21

7. 59

EV

15.14

5.24

1.61

1.16

7.13

UF

11.79

5. 1 2

1.55

0.84

4. 28

RO

15 .74

5.54

1.60

1.15

7.45

Na-cn

12.67

5.38

1.52

0.85

4 . 92

SMP

16.01

5. 56

1.58

1. 21

7 . 66

EV

1 5 .1 7

5.26

1.62

1.14

7.15

UF

11 .86

5.21

1.54

0.84

4.22

RO

15.82

5.55

1.60

1.15

7.52

Na-cn

12.74

5.36

1. 53

0.85

5.00

*The milks were analyzed following th e addition
of the s tarter c ulture.
** La ctose wa s determined by difference.
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F'ig. 2. Microstructure ( SEM) of protein matrices
in yoghur ts p r epared from skim milk fortified by
various methods.
a : SMP ; b : RO; c : EV ; d : UF ; e : Na - cn. The S MPfo rtified yoghurt ( a ) has the most den se matrix
and th e UF - and Na- cn- fo r tified yogh urts (d and e,
respectively) have the most open matrices . All the
yoghu rts were made using the CH-4 sta rt er culture.

characterized by additional casein mice lles attached to single micellar strings (Figure 3d).
Robust chains (Fig. 3 e) consisted of single
casei n particles, the diameter of whi ch exceeded
the diameter of regular casein micel les. Increased
dimensions of casein particles in yoghu rt fortified with sodium case inate were also reported by
Modler and Kalab (8) . It is assu med that the higher casei n concentration in the yoghurt milk or the
presence of the added sodium casei nate ( i.e., a
product which originated by a technological process , in the course of which case in had been acidified and heated during drying) contr ibuted to the
deve 1opment of this microstructure.
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c

Fig . 3. Microstructural detail (TEM) of casein
micelle chains and clusters in yogllurts prepared
from skim milk fortified by various methods. ( Same
yoghurts as in Figure 2 ).
a : SMP ; b : RO ; C : EV; d : UF ; e : Na - cn .
f : Fat globules; m: simple casein micelle chains ;
p : casein micelle clusters ; r : complex casein
mice lle chain. Arr o ws point to appendages ( spikes )
on casein micelle surfa ces.

Densities of the protein matrices of the yoghurt s under study decreased in the following
order: SMP yoghurt (the densest matr ix), RO and EV

yoghurts (med iu m dense matr ices) and the UF and
Na - cn yoghurts (the most open mat rices ). The relative difference between the protein mean levels in
the SMP and UF yoghurts was 7.4 % (5.55 vs . 5.14%,

respectively) and, i n view of earlier results (7),
not sufficient al one to briny about the difference
in the densities of the matrices in both yoghurts;
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Table 3.

Table 4.
Protein and non-casein nitrogen content {'t )*
in yoghurt milks fortified by various methods

Firmness, 1actic acid content (%). and pH
of the yoghu rts under study

Starter
Culture

Yoghur t

Penetrome t er
Reading*
( 1 / 10 mm)

Lact i c
Acid i.

Yoghurt
Milk

pH**

------ ----------------------------CH - 4

Boll - 3

RR

95.3

1. 2 5

4.37

EV

8 7 .3

1. 39

4. 28

UF

84.0

1. 22

4. 32

RO

8 2 .6

1. 29

4. 39

SMP

Na-cn

82.0

1. 0 .1

4. 2 1

SMP

94.0

1. 2 1

4.43

EV

91. 7

1. 24

4.32

UF

87 .0

1. 20

4. 3 6

RO

86. 0

1. 24

4.38

Na-cn

79. 0

1. 08

4. 25

SMP

14 2 . 0

0 .92

4. 7 3

EV

119. 3

0.99

4.69

UF

108 . 7

0.94

4.63

RO

111. 0

0 .91

4. 71

90. 0

1.02

4. 5 4

Na-cn

*

**

To ta l
Protein

~~~~~:=~in

Casein

Ratio of
Casein to
Non-Casein

SMP

5 . 34

1. 22

4.12

3.38

EV

5.13

1.22

3.91

3.20

UF

5.02

1.14

3.88

3.40

RO

5.40

1.24

4.16

3 . 35

Na-cn

5.23

0.93

4 . 30

4.62

*The protein content in the milk before heat
treatment was determined by the Kjeldahl method.
casein protein ratio and/or the presence of added
sodium caseinate in the yoghurt milk.
The open matrix and the robust casein particle chains and clusters may also be the factors
contributing to the appearance of the protein
coagulum as assessed visually after having been
broken with a spoon. Only the Na-cn yoghurt had a
coarse texture whereas all the other yoghurts were
s mooth. The detrimental effect of sodium caseinate
on the te xture of yoghurt was also observed by
Modler et al. (9).
In ad dill on to the protein 1eve 1 in the yoghurt milk, casein to non-casein protein ratio,
bacterial starter culture, and acidity, there are
other factors which are known to affect the firmness and microstructure of yoghurt, e.g. the heat
treatment of the milk {temperature and duration of
heating)(?), the homogenisation pres s ure (16), the
1 evel of minerals etc.
Lactic acid ba cteria not only coagulated the
yoghurt milk, but their cells became one of the
structural components of the yoghurt matrix. At a
low magnification (250 x), void spaces (cavities)
were noticeable by SEM in the protein matri x in
all the yoghurt samples. A higher magnification
(5,000 x} revealed that the void spaces were occupied by streptococci or lactobacilli alone (Figure
5 a and b, respectively) or by their combination
(Figure 5 c). The exact mechanism for the formation of the void spaces has not yet been established, but it is assumed that this phenomenon
could primarily be attributed to the microbial
activity of the starter culture (production of
lactic acid, proteolysis, or liberation of carbon
dioxide) and not due to artifacts arising from the
preparation of the sample for microscopic examination (7).
No particular attention was paid to the dimensions of the void spaces, but within any one
yoghurt in these experiments, smaller void spaces
were observed around L . bulgaricus than around
s. t h ermophilus alone or the combination of both,
provided that the combined volumes of the microbial cells in each case were similar. Because the
symb i at i c re 1at i onsh i p, that exists bet ween these
lactic acid bacteria, is well recognized (16), it
can be hypothesized that the metabolic activity is
increased by their mutual proximity.

The higher the penetrometer reading, the softer
the yoghurt. No syneresis was observed in any
of the yoghurts 3 days old.
Soft yoghurts had their pH values between 4.63
and 4.73; firmness was increased as pH approached the isoelectric point of casein or
decreased below H.

the ratios of casein to non-casein proteins were
very close to each other for the SMP and UF yoghurts, 3.38 and 3.40, respectively (Table 4). The
other yoghurt with the most open protein matrix
was made with Na-cn; its protein content was only
3.4% lower than the protein content of the SMP
yoghurt, but the casein to non-casein protein
ratios differed significantly (4.62 vs. 3.38,
respectively); interestingly, the Na-cn yoghurt
was the firmest of a 11 the yoghurts under study.
TEM also revealed differences in the superficial features of the casein micelles forming the
protein matrix. The casein particle chains and
clusters in the Na-cn yoghurt had a smooth surface
(Figure 3 e) wheareas "appendages" or "spikes"
were noticeable on the surface of the casein micelle structures in the other yoghurts (Figure 3
a-d). Appendages or spikes were found by Davies et
E.!.,_ (6) to be formed by heat-denatured B-lactoglObulin or by a complex consisting of 8-lactog l obulin
and K-casein which develops in heated milk.
"Spiky" casein micelles in the SMP yoghurt are
compared in greater detail with the relatively
"smooth" robust chains of casein particles in the
Na-cn yoghurt in Figure 4. The reason for the absence of the spikes in the latter yoghurt is not
known; it may only be hypothesized that their
absence is associated with the high casein to non88
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Fig. 4. Detail (TEM) of casein micelles in the
mat rix of an SMP - fortified yoghu rt (a) and in a
yoghurt fortified by t h e add i t i o n of sodium
caseinate (b).
f: Fat globules ; r: robust casein particle chai n.
Arrows point to appendages (spikes). Both yoghurts
were made using the CH-4 starter culture.

Another observation is related to t he compact~
ness of the protein matrix (Figure 6). Provided
that other fa cto r s such as the amount of the start ~
er culture used and the age and pH of the yoghurts
were s imilar, larger void spaces developed in a
less compact matrix of UF yoghurt than in the more
compact matrix of the SMP yoghurt. However, because
even smal l void spaces were more easily detected
in a compact matrix than in a highl y porous matrix
and because no measureme nts were carried out, such
an observat ion may be mislead ing.
Fig. 5 . Void spaces ( cav ities) in UF (a), SMP {b),
and RO { c ) yoghurts made using the RR starter
culture .
1 : Lactobacilli ; s : streptococci .
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The type or strain of the bacterial sta rter
culture can play a role in the microstructure of
the yoghurt, because so-ca ll ed "slime", "ropy",
or "mucogenic" bacteria have the ability to pro duce polysaccharide material (13, 15) . Figure 7
sho ws a typical examp le, i.e. slime production, of
suc h a yoghurt. Here the filaments are attaching
the lactobacilli to the protein matrix. Mucogenic
st arter cultures are widely used in the industry
to produce a viscous yoyhurt without the addition
of stabilisers and to minimise reduction in vis cos i ty, which may occur during the mechanical handling of the coagul urn.
Conclusion
Fortification of sk im mi l k by the addition of
skim milk powder (SMP) or sodium caseinate (Na - cn)
influenced the avera 11 microstructure and texture
of the resulting yoghurts. The use of Na - cn was the
most effective means of increasing yoghurt firm ness. The milk base prepared by this form of fortification contained the highest casein level of all
the experimental variants (fortification by vacuum
evaporation , r everse osmosis, and ultrafiltration,
and by the addition of SMP). Whereas the flrmness
of the Na - cn yoghurt was highest , the texture was
coarse and the appearance of the coagul urn was i nferior compared to the ot her yog hurts. This was
probably associated with the large case in particle
clu s ters and robust micellar chains resu l ting in
the most open protein matr i x of all the yoghurts
studied . It is assumed that the casein to noncase in protein ratio was the major co ntri buti ng
factor; this r atio was high (4.6) in the inferior
Na - cn yoghurt and was lower (3.4 or l ess) in the
ot her yoghurts of acceptable quality.
The other yoghur t s had their protein matrices
denser than the Na - cn yoyhurt and were softer and
511100th .
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R.K. Abrahamsen: The RO- and UF-treatments are
highly dependent on the membranes used. Please
give more specific information about the membranes
and the filtration temperature.
Authors: Information about fi l tration temperatures
has now been inc l uded in the Materials and Methods
section. Concerning reverse osmosis, the DDS type
20-1.8-0 module had previously been used for tria 1 s on membrane perfo r mance and was f i tted wi th an
assortment of membranes. I n a tota l of 50 membrane
pairs there were 2 pa i rs of type 865 membranes, 15
pairs of 930, 16 pa i rs of 990, 15 pairs of 995,
and 2 pairs of type 999 membranes. The presence of
the more open membranes 1ed to some 1oss of dissolved so li ds but this would be mainly lactose and
disso l ved sa l ts with littl e or no l oss of protein.
R.K. Abrahamsen: To my knowledge, the pH of sodium
caseinate 1s at the level of 6.6- 7.0. Can you provide some additional i nformation regarding the
sodium caseinate used in this experiment?
Authors: According to the information obtained
1'r0iil'tlie supp l ier, sodium caseinate was manufactured by precipitating skim milk with hydroch l oric
acid, washing the acid casein, and treating the
wet curd {50% total so l ids) with sodium hydroxide
and water. The caseinate solut i on (30% solids and
pH around 6.5) was then dried in a conventional
spray drier at an outlet temperature of 95-98°C.
O.E. Carpenter : What effect might the void spaces
l""iithe m1crostructure, which are produced by the
bacteria, have on subsequent yoghurt syneresis?
Authors: Presumabl y, the void spaces are filled
"'W11'fi""Wltey, although the possibility that they are
occupied by gas bubbles [(see the question by
M. RUegg in (7)] has not been excluded. If it is
whey which constitutes the contents, void spaces
could indeed affect susceptibility of the yoghurt
to syneresis. The extent of syneresis would depend
on the dimensions and numbers of the void spaces
in addition to other factors suc h as low total
solids content and inadequate heat treatment of
milk, pH of the finished product, handling of the
coagulum during manufacture, storage, and distribution etc . (19). In this present study, syneresis
was not observed in any of the 15 yoghurts produced.
Reviewer 2: If no part i cular attention was paid to
the void Space dimensions around the bacteria, how
can any conclusio ns be drawn?
Authors: The overall impression of the distribution and dimensions of the void spaces i s evident
during the microscopical examination of several
freeze-fractured partic l es of the same yoghurt. By
examining different specimens at the same low
magnification it is possible, at least subjectively, to compare the incidence and dimensions of the
void spaces among samples. For tllis reason, subjective tenns such as "sma 11 er" and "1 arger" were
used to descr i be the void spaces observed , without
any reference to numerical data, because measurements and ana l yses of these have not as yet been
made. The problem of the void spaces is quite
complex and should be t he subject of a separate
study.
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R.K . Abra hamse n: Froro Figure 5 it i s difficult to
co nclude any thing with rega rd to the connect i on
between a gr eat er metabol i c acti vity of the starter bacteri a and the vol ume of the void spaces ,
because this figure illustrates void spaces from
yog hu rts fortified by d ifferent met hods. Your
hypothesis is very interesting, however, I feel
t hat you woul d ha ve come c loser to an ans we r if
you had in the same type of yoghurt observed the
volume of a number of void spaces around separate
c hains {ce lls } of s . thermophilus and of L . bulga r ic us , and of void spaces where both organ ; sms were present c lose t o each other. Have you
made such observat i ons?
Aut hors: Fi gure 5 has been used to i llustrate
rather than prove that the close proximity of
cocc i and bacill i will result in larger void
spaces. Dr i esse n et al. {18) provided evide nce
that L . bulga ricu$ ,...-;;-yoghurt is stimulated by
carbon dioxide produced by s. thermophilus . Problems associated with establ i shing the origin of
void spaces arou nd lactic acid bacteria in yoghurt
appeared to be more complicat ed than was init i al l y
anticipated (20}. Three- di mensional reconstruction
of the void spaces from serial thin sections (TEM}
would be a reaso na ble approach for determining
the i r dimens i ons, shapes, and contents but would
requ i re a prohibitively large nu mbe r of sections
because t he void spaces are la rge with respect to
t he thick ness of the sections. SEM s hows void
spaces and the bacteria prese nt in th em randomly
fractured and to a lim i ted depth and has been used
here to illustrate this interest i ng phenomenon.

18. Dr iessen FM, Kingma F, Stad houders J. (!982).
Evidence that Lactobacillus bulgaricus in
yoghurt is st imu l ated by carbo n diox ide
produced by Stre ptococcus thermophil us.
Neth. Milk Dairy J. 36, 135 - 144.
19 . Harw alkar VR, Ka la b M:-(1983). Susceptib ility
of yoghurt to sy neres i s. Comparison of centrifugati on and drainage methods. Milchwissenschaft 38, 517 - 522.
20. Kalab M, Sinha RP , Alla n-W ojtas P, Phipps-Todd
BE. (1982). Orig in of voi d spaces in fe rmented mil k products. Can. I nst. Food Sci.
Technol. J . .!2_(3), xvi (Abstract).

~Olson:

It is interesting that the sampl es in
this study ca n be divided into two sets : one in
which the calcium a nd calcium to casein ratio i s
l ower than normal (UF and Na - cn), and one in which
the calcium co ncentrat i on i s hi gher than in normal
milk (RO , EV , SMP). Is it possible that the competition for calc iu m by Na-c n in mll k before acidification affected the calc iu m "bridging" wit hin
t he mice ll e and thereby produced a l arger, more
porous micel l e in the acid gel? I have always been
surpr i sed that casein mi ce ll es seen by SEM are
similar in acid gels and rennet gels since t he
acidified micelles presumably should have been
s ub sta ntially depleted of co lloidal ca l ci um.
Auth ors: You have asked a very interest ing question, to whi ch we have no answer because there are
no expe ri me ntal data on this subject . It wou ld be
nec essary to use microscopical technique s ot her
than SE M to study casein micelle ultrastructure.
For examp l e, ca rbon and platinum replication of
freeze-fractured and freeze-etched unfi xed mi cel1es co u1d be em p1oyed. Changes to be inv est igated
woul d include the distances between casein submicelles, presumably increased due to partial
removal of cal c iu m phosphate, and the dimensions
of the casein micelles, presumably in c r eased in
s ize due to their higher porosity. Neither co nve ntional SEM, which requires a fixed, dried s ample,
nor co nventional TEM , which requires sec ti ons of
embedded fixed and dehydrated material, would be
suitable for this purpose, because of the probable
deve lopment of artifacts during the many preparatory steps .
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